A cDNA coding for a new member of the 70-kDa heat shock proteins (HSP70) family from the dimorphic and pathogenic fungus, Paracoccidioides brasiliensis, was cloned and characterized. The cDNA-deduced sequence coded for 655 amino acid residues and showed 95% identity to a previously described P. brasiliensis hsp70 gene. Cytoplasmic and typical nuclear localization signals, which indicate induction upon stress, were identified in the deduced peptide. The complete hsp70 cDNA coding region was cloned into a pGEX 4T-3 plasmid and expressed in Escherichia coli as a glutathione-S-transferase-tagged fusion protein. The recombinant protein reacted with a rabbit polyclonal antibody against HSP70. Western immunoblot experiments demonstrated that sera from paracoccidioidomycosis patients recognized the purified recombinant protein, suggesting an immunological role for this protein in the infectious process. The antigenicity analysis of rHSP70 detected three internal peptides that could act as activators of T-cell proliferation.
Introduction
Members of the 70-kDa heat shock protein family (HSP70) have been found in all bacteria and eukaryotes studied so far and also in some archaeans [1] . This chaperone family is highly conserved throughout evolution and shows 40Á/50% identity between bacteria and man [2] . Eukaryotic genomes encode multiple HSP70 homologues, as demonstrated by the characterization of various hsp70 genes from Saccharomyces cerevisiae, Drosophila melanogaster and humans [2] . There are mitochondrial, endoplasmic reticulum and citoplasmic members, both constitutive and inducible, the latter translocating to the nucleus under stress conditions [3] . In bacteria, Lelivelt and Kawula [4] described an Escherichia coli hsp70 homolog induced by cold but not by heat shock. These proteins are induced or up-regulated by high temperature, anoxia, ethanol or chemicals and play a role in protecting nascent protein chains after synthesis [5] and during translocation through mitochondrial membranes [6] . In addition, they modulate refolding after denaturation or during protein degradation [7] . Suto and Srivastava [8] demonstrated that HSP96 and HSP70, purified from tumoral cells and re-inoculated into the same organism, promoted an immune response against tumors. Binder et al . [9] demonstrated that HSPchaperoned-peptide complexes, but not free peptides, are presented efficiently by the major histocompatibility complex I (MHC I) molecules. Multhoff et al . [10] detected the presence of a member of this family in the membrane surface of human tumoral cells, which were able to present antigenic peptides to the immune system and promote strong specific antitumoral response.
P. brasiliensis is a dimorphic fungus that switches from a saprophytic hyphal phase at 258C to a pathogenic yeast form at 368C. The conidia found in nature are supposed to be the infective form of this organism, although the hyphal ecological niche of P. brasiliensis is still unknown [11] . This organism is the aetiological agent of paracoccidioidomycosis (PCM), a human systemic mycosis that affects mainly rural workers in South and Central America. Patients with the disseminated form of PCM present a strong humoral immune response [12] . Using a murine experimental model, Calich et al . [13] demonstrated a cellular Th1 cytokine pattern of cellular immune response in resistant lineages and a Th2 cytokine pattern in susceptible murine lineages.
The protein expression pattern varies in the course of the temperature-mediated dimorphic transition of P. brasiliensis [14, 15] . HSP70 isoforms are detected in protein extracts from the yeast but not the mycelial phase [16] . Despite their amino acid sequence conservation and the role on antigen presentation, HSP70 proteins have been recognized as immunodominant antigens of many human pathogens, such as Schistosoma mansoni [17] , Clamydia trachomatis [18] , Brugia filariasis [19] , Leishmania donovani [20] , Cryptococcus neoformans [21] and Candida albicans [22] . A recombinant Histoplasma capsulatum HSP70 elicited delayedtype hypersensitivity response in mice [23] , whereas an HSP60 elicited protective immune response in the same animal model against histoplasmosis [24] . Several P. brasiliensis antigens have been isolated and characterized such as the major diagnostic antigen GP43 [25] , a 27-kDa antigenic protein [26] and an 87-kDa heat shock protein [27] . Also, a purified P. brasiliensis HSP60 was shown to be reactive against sera from PCM patients [28] .
In this study, we have cloned and expressed the cDNA of a new P. brasiliensis HSP70 in E. coli cells. Sera from PCM patients recognized the purified recombinant antigen. Characterization of the protein structure and antigenic properties evidenced three peptides, which could potentially activate protective cellular immune responses.
Materials and methods

Microorganisms and growth conditions
P. brasiliensis isolate Pb01 (ATCC-MYA-826) was grown on Fava Neto's medium [29] cDNA synthesis and reverse transcription polymerase chain reaction (RT-PCR)
Total RNA was isolated using TriZOL † (Invitrogen, Carlsbad, CA, USA), according to the manufacturer's instructions, from yeast cells frozen with liquid nitrogen and disrupted by maceration. RNA samples were treated with RNase-free DNase I (Promega) at 378C, followed by phenol-chloroform extraction and ethanol precipitation [30] . Complementary DNA was synthesized from 1 mg total RNA in the presence of synthetic oligonucleotide primers. Two oligonucleotides were syn-thesized according to the P. brasiliensis hsp70 gene sequence described by Silva et al . [16] : PBGL (sense) TATGAAGATCTATGGCTCCAGCTATCG-GTATC and PXMA (antisense) ATTGGCCCGGGT-TAGTCAACCTCCTCGACAGTAG. BglII and Xma I restriction sites were added to both sense and antisense primers, respectively, to facilitate cloning into the expression vector pGEX 4T-3 (GE Healthcare). cDNA synthesis was performed at 378C for 1 hour using the SuperScript II reverse transcriptase (Invitrogen) and PXMA as initiation primer. PCR conditions were: an initial denaturation at 948C for 1 min followed by 30 cycles of 948C (1 min), 608C (1 min), 728C (2 min) and a final extension at 728C (10 min) with Pfu Turbo DNA polymerase (Stratagene). The RT-PCR product was electroeluted, gel-purified and digested with BglII and XmaI . The product was sub-cloned into pGEX 4T-3 cut with BamHI and XmaI . The product of the ligation reaction was transformed into E. coli CES201 by electroporation.
Pb hsp70 cDNA sequencing and sequence analysis Plasmid DNA was prepared using Qiagen kit (Qiagen, Hilden, Germany) and underwent double-strand automated sequencing (Perkin-Elmer, Applied Biosystems, Norwalk, CT, USA). Nucleotide sequence analysis was performed with the Wisconsin Genetics Computer Group Sequence Analysis software package, Version 7.0 [31] . The basic local alignment search tool (Blast, National Center for Biotechnology Information, National Library of Medicine, National Institute of Health, Bethesda, MD, USA) was used for screening of the GenBank database. The alignment of the deduced protein sequence against the previously described P. brasiliensis HSP70 was performed with CLUSTAL V [32] .
Expression of P. brasiliensis hsp70 cDNA
The pGEX-4T-3 expression vector (GE Healthcare) harboring hsp70 cDNA (pGEX70pb), was transformed into E. coli BL21 (GE Healthcare). An isolated colony was pre-inoculated into 12 ml LB medium containing ampicillin (100 mg/ml), incubated at 378C overnight and used, in a 1:100 dilution, to inoculate 200 ml LB medium containing ampicillin (100 mg/ml). The inoculum was grown at 378C in a shaking incubator and induced by the addition of 0.5 mmol/l isopropyl ß-Dthiogalactopyranoside (IPTG). A 3 ml sample was collected before induction (time 0) and 3 h after IPTG addition. Samples were centrifuged (10 000 g, 10 min, 48C), each cell pellet was washed twice and resuspended with TST buffer (0.6% Trizma, 0.9% NaCl, 0.05% Tween 20, 2 mmol/l EDTA). For gel application, we used )/2 Laemmli sample buffer [33] .
Immunoblot analysis
In order to analyse the expression of the heterologous fusion protein and test its reactivity against an anti-HSP70 antibody, total recombinant bacterial cell extracts (5 ml) were fractionated onto a 15% SDSÁ/ PAGE gel and proteins were transferred to a nitrocellulose membrane (Hybond-C extra) with the graphite electrodes semidry transfer system (GE Healthcare). A current of 0.8 mA per cm 2 gel was applied for 2 h in accordance with standard protocols [30] . After Ponceau staining, the membrane was blocked with 5% non-fat dried milk dissolved in phosphate-buffered saline (PBS) as described previously [30] . Blots were washed in a solution containing rabbit polyclonal antibody raised against Blastocladiella emersonii HSP70 (1:100 dilution), followed by another wash with an anti-rabbit IgG conjugated to alkaline phosphatase (1:3000 dilution). Labelling development was performed via the nitro blue tetrazolium/5-brome-4-clorine-3-indolil phosphate (NBT/BCIP) colorimetric method [30] .
The antigenicity of the purified recombinant protein was tested with sera from PCM patients and normal human serum by the dot blot technique [30] . A more extensive immunoblot analysis was performed by using 10 mg of the purified fusion protein and the recombinant P. brasiliensis HSP70 protein, after thrombin cleavage. Samples were fractionated on a 15% SDSÁ/PAGE gel, transferred to a nitrocellulose membrane and incubated against PCM patient serum (1:100 dilution), followed by goat anti-human IgG (1:2000 dilution) and finally by anti-goat IgG conjugated to alkaline phosphatase (1:3000 dilution). The NBT/BCIP colorimetric method was used for development [30] .
Purification of the recombinant Pb HSP70
E. coli BL21 harboring plasmid pGEX70pb was grown on 200 ml LB medium containing ampicillin (100 mg/ml) for 2 h at 378C, in a shaking incubator. Prior to IPTG induction, growth temperature was lowered to 258C and the culture was then grown for 30 min after addition of IPTG (final concentration, 0.5 mmol/l). Cells were collected by centrifugation at 10 000 g for 10 min and resuspended in PBS 1)/ in a proportion of up to 50 ml PBS per millilitre of original culture. After incubation with lysozyme (final concentration, 10 mg/ml) for 30 min, on ice, cells were sonicated (Ultrasonic processor GE 50T) with three 10-s pulses, at 1-min intervals. After centrifugation (10 000 g , 10 min, 48C), the supernatant was collected for the purification procedure. The glutathione-sepharose (GE Healthcare) 50% slurry, was prepared according to the manufacturer's instructions, and mixed with the supernatant in a proportion of 1:14 (sepharose: supernatant). After 30 min incubation at room temperature, unbound proteins were washed with PBS 1)/ and elution was repeated three times with the addition of 62 ml 5)/ reduced glutathione and incubation at room temperature for 10 min. The eluted protein concentration was estimated by absorbance at 280 nm following 15% SDS Á/PAGE analysis. The recombinant protein was cleaved from the glutathione-S-transferase tag using Thrombin protease (GE Healthcare) following supplier's instructions.
Structure and antigenicity analysis of the rHSP70pb
The cDNA deduced amino acid sequence was studied with the PROTEAN for Windows Advanced Topics program (Protein Sequence Analysis) of Lasergene Biocomputing Software (1994; DNASTAR, Madison, WI, USA). This program includes several analyses, of which the following were chosen: Kyte-Doolittle hydrophilicity plot, Eisenberg's alpha helix and beta sheets amphipathic regions, Karplus Á/Schulz flexible regions, Jameson Á/Wolf antigenic index, Emini's surface probability plot and Sette's major histocompatibility complex (MHC) II I-A and I-E motifs as reported by Taborda et al . [34] .
Results cDNA and deduced amino acid sequence of a new P. brasiliensis hsp70
Initially, our goal was to amplify and express the P. brasiliensis hsp70 gene cDNA described by Silva et al. [16] . Using this nucleotide sequence, primers were synthesized and used in RT-PCR experiments with total RNA as template, extracted from the fungal yeast form. The RT-PCR product of predicted size (Fig. 1A , lane 3, arrow) was cloned into the expression vector pGEX-4T-3 (GE Healthcare). The resulting plasmid pGEX70pb was used to transform E. coli CES201 by electroporation. The presence of a Sal I restriction site in the hsp70 cDNA (Fig. 1B, bold) resulted in different electrophoretic patterns between the cDNA clones and the gene previously described (data not shown), suggesting the cloning of a new member of the hsp70 gene family. One clone was chosen and double-strand automated sequencing revealed a single ORF of 1965bp cDNA (Fig. 1B) found exclusively in the cytoplasmic HSP70, is located at amino acid positions 297Á/303. It has been demonstrated that the regulatory motif VEEVD, present at the protein C-terminal region, is important for HSP70-substrate binding, ATP activity and interaction with HSP40 [36] (Fig. 2, shaded) . Multiple alignment analysis showed 95% nucleotide identity with the hsp70 gene sequence described by Silva et al . [16] , whose 1947 bp code for a 649-residue protein. There are five P. brasiliensis hsp70 sequences deposited at GenBank: (i) AF386787, hsp70 mRNA described here; (ii) U91560, hsp70 gene [16] ; (iii) AF004553, hsc70 partial mRNA [37] ; (iv) AF111194, hsp70 partial mRNA [37] ; and (v) AY254044, mitochondrial hsp70 gene. CLUSTAL V [32] alignment of these five P. brasiliensis hsp70 amino acid sequences reveals high similarity levels, despite significant differences among them (Fig. 2, arrows ). Expression of the recombinant HSP70 in E. coli E. coli BL21 harboring the pGEX70pb plasmid was used to express rHSP70pb and evaluate its immunoreactivity. Cell extract aliquots were collected before IPTG addition (time 0) and 3 h after induction and analysed on two identical 15% SDSÁ/PAGE gels, one of them stained with Coomassie Blue (Figure 3A) , and the other transferred to a nitrocellulose membrane (Fig. 3B ). Fig. 3A shows the high expression of the 98.7 kDa fusion product, consisting of the 27.8 kDa
glutathione-S-transferase domain and the recombinant protein of 70.9 kDa, 3 h after induction (lane 2). No expression was observed before IPTG addition (lane 1).
The immunoblot analysis with a rabbit polyclonal antibody raised against B. emersonii HSP70 [38] indicated a strong reaction with the 97.8 kDa fusion protein expressed after addition of IPTG (Fig. 3B , lane 2) but not before (lane 1). In lane 3, we can observe 70 kDa proteins recognized by the anti-HSP70 sera in P. brasiliensis total protein yeast cell extract (indicated by an arrow).
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Sera from PCM patients recognize the recombinant Pb HSP70
Dot blot experiments showed no reaction of normal sera against the purified recombinant GST-HSP70 and a significant reaction with sera from PCM patients (data not shown). Western-blot analysis (Fig. 4) showed a significant reaction of sera from PCM patients with both fusion (lane 3) and cleaved (lane 2) proteins, therefore demonstrating IgG immunoreactivity of PCM patients to the purified recombinant P. brasiliensis HSP70. The reaction pattern against total yeast proteins from P. brasiliensis (lane 4) detected components of 35, 43 and 70 kDa, corroborating previous studies on P. brasiliensis immunodominant antigens [39] . We can also observe in Fig. 4 
Structural and antigenic analysis
The PROTEAN structure and antigenic profile of P. brasiliensis hsp70 cDNA deduced amino acid sequence (Fig. 5) shows the presence of predicted antibody and T-cell epitopes. According to the Kyte Á/ Doolittle hydrophilicity plot in (A), it can be observed (Fig. 5, arrows) .
Discussion
The HSP70 family is highly conserved throughout evolution, probably due to the important role of these proteins in cell physiology [5 Á/7] . S 35 -methionine incorporation experiments in P. brasiliensis have demonstrated that the synthesis of yeast-specific HSP70 is inhibited 3 h after lowering growth temperature to 268C, while upregulation occurs in the first hours after hyphal cells, growing at 268C, are shifted to 368C [16] . This was the first evidence on the role of hsp70 proteins in the stress response of P. brasiliensis.
Here, we have cloned a P. brasiliensis HSP70 cDNA and expressed the corresponding protein, as demonstrated by its sequence analyses and western blot experiments. According to our results, the amplified cDNA (AF386787) corresponds to a new P. brasiliensis hsp70 gene, paralogous to the four P. brasiliensis hsp70 sequences already deposited in GenBank. The presence of specific motifs in its deduced amino acid sequence and conserved in this protein family suggests that its activity is carried out in the cytoplasmic cell compartment. The expressed recombinant protein reacted with anti-HSP70 antibody and also with sera from PCM patients, in accordance with the description of several HSP70 members being recognized as immunodominant antigens of other human pathogens [17 Á/22] . This result opens the possibility of using this protein in immunodiagnosis.
A 70-kDa antigen was shown to be a valuable marker of active PCM in immunoblotting reactions [39] . In addition, Salina et al . [40] reported the reaction of rabbit antisera against P. brasiliensis with two main 70-and 43-kDa antigens in patient urine, before and during treatment. The 43-kDa glycoprotein of P. brasiliensis is the major diagnostic PCM antigen [25] . Although GP43 has been recognized in sera from PCM patients by different serological methods, occurrence of cross-reactions in ELISA and variable reaction intensity among PCM samples have been reported [39]. The use of multiple antigens, including HSP70, would probably lead to more accurate results in immunodiagnosis.
In prophylactic and therapeutic vaccination, studies abound on the capability of HSP70 conferring protection against microbial and parasitic infections. Behr et al . [41] suggested that a 75-kDa heat shock protein could be included in a multiple vaccine against malaria, which when applied to monkeys, conferred resistance against one asexual stage of the pathogen. Carrero et al . [42] isolated an Entamoeba histolytica HSP70, of potential use for the development of an oral vaccine or as a new diagnostic tool for amoebiasis. Planelles et al . [43] used a chimeric gene consisting of KMP11-HSP70, which elicited humoral and cellular immune responses against Trypanosoma cruzi infection and generated protection after immunization with the fused gene.
In this study we present three internal hsp70 peptides, of potential use as activators of T-cell proliferation. These peptides are of special interest because the cellular immune response is protective in PCM [13] . In this regard, the gp43 internal peptide P10, predicted to be a MHC II motif, proved to elicit cellular, but not humoral, immunity in mice and humans. Both P10 and native gp43 protected against experimental PCM [34] . Although B cell proliferation is ineffective against PCM, the existence of protective antibodies cannot be discarded and antigenic regions could be useful for diagnostic procedures. However, our attention fell over the HSP70 peptide sequences predicted to be recognized by MHC class II molecules, hydrophobic regions and amphipathic helixes, regions that can potentially activate cellular immune responses. These peptides must be tested in their capability of inducing a Th-1 response in experimental models.
